An understanding of the scaling properties of precipitation and landforms (hillslopes, channel network) is, on its own, of theoretical and predictive significance. However, it is also expected that it should lead to the development of a physically meaningful flood scaling theory. The objective of this study is to identify catchment geomorphological scaling descriptors useful in establishing a criterion for similarity in regional flood behaviour. The focus is on the channel network. The nature of the scaling structure of the channel network width function is investigated. An attempt is made to determine the strength of the association between the scaling structure of the width function and at-site flood peaks. For catchments with drainage area greater than 200 km 2 , located east of Melbourne and the Great Dividing Range, this work established an association between the Levy index of the generators of the cascade structure of the width function and at-site flood behaviour. It is further suggested that such an index will be a useful candidate in the development of a criterion, which predicts similarity in regional flood behaviour.
INTRODUCTION
Research on scaling remains a strong area of endeavour. The issue is that, as the size of a catchment increases, the interaction between the variability of catchment characteristics and the variability of precipitation becomes more complex. Thus, the prediction of the resulting hydrological fluxes requires a good understanding of scaling Open for discussion until I December 2002 issues. Scaling problems in regional flood frequency analysis have been addressed within a scale invariance framework by pioneering investigations carried out by Cadavid (1988) , Gupta & Waymire (1990) and Smith (1992) . Scaling invariance means that the dominant features of a system can be inferred from a snapshot of it, since they remain invariant as the size or the scale of the system is changed (Gupta & Waymire, 1996) . A major challenge is the identification of the scale ranges within which the processes are scale invariant. Within these ranges, it may be possible to transfer information from one scale to another. It is emphasized herein that, although the physical significance attributed to scale invariance is generally accepted among researchers (e.g. Gupta & Waymire, 1996; Davis et al., 1996a) , in practice it remains to be strictly proven. This is a task which is not always achievable due to the complexity of processes in nature (A. Marshak, personal communication, 2000) .
Two different types of scaling invariance structures on the probability distributions of flood peaks have been identified: simple scaling (e.g. Cadavid, 1988 ) and multiscaling (Gupta & Waymire, 1990; Smith, 1992) . and attempted to make physical interpretations of the parameters in the multiscaling theory of regional flood frequency based on simulation results carried out by Sivapalan et al. (1990) . They reasoned that, if the multiscaling theory of regional flood frequency has a physical basis, the statistical parameters appearing in it contain information about rainfall, soil, topography, etc. They also hypothesized that scaling exponents appearing in the multiscaling representation of peak flows remain the same within a given homogeneous region, but can vary among different regions. However, issues pertaining to the delineation of regional boundaries still remain to be addressed. These are of fundamental importance particularly when allocating catchments that are close to regional boundaries to a particular region. To date, on the basis of studies carried out on catchments in the USA and Austria, the identified forms of scaling behaviour have been associated with factors such as flood generating mechanisms, interactions between mean storm duration and catchment response time, seasonality of streamflow (e.g. Gupta & Dawdy, 1995; Bloschl & Sivapalan, 1997) . However, the need exists for continued research and testing.
In earlier publications, Gupta & Waymire (1989) suggested the existence of a linkage between the scaling structure of peak flows and that of channel network link geometries. Based on the presence of multiscaling detected in peak flow quantiles, they reasoned that, if the channel network link geometries are not shaped by a single dominant flood frequency throughout the catchment, then these geometries should exhibit multiscaling features. Tarboton et al (1989) carried out a scaling analysis on link gradients and link drops, within a scaling invariance framework. Even though this analysis suggested the presence of multiscaling in link gradients, comprehensive tests of multiscaling in link slopes against data remain to be carried out. Implicit in the Tarboton et al (1989) investigation and in the earlier studies carried out by Gupta & Waymire (1989) is the assumption that a single power law relationship between link gradient and link magnitude holds over the entire range of channel network link magnitudes. However, on a number of Australian drainage systems, Richards (1999) observed that different scaling laws apply to main channels and to the tributaries to the main channels. This was seen as evidence that a simplistic application of a power law relationship over all ranges of link magnitudes will not yield accurate results. Richards' (1999) investigation also suggests that the scaling exponents in a power law relationship between mean link gradient and link magnitude do not hold any hydrological significance. Hence, they are not useful in the development of a criterion of hydrological similarity. The focus of this study is on the channel network width function, which summarizes concisely the overall shape of the basin and allows interpretive examination of the length and narrowness of the basin (Troutman & Karlinger, 1985) . This feature is illustrated in Fig. 1 for the Wando catchment at Wando Vale in Australia, a rather elongated and narrow catchment with streams flowing to the west. The strength of the association between the scaling structure of the width function and at-site flood peaks is investigated. It is postulated that such a linkage could provide the basis of a similarity criterion, useful in regional flood frequency analysis.
The width function: hydrological significance
The width function W(x), 0 < x < L, denotes the drainage area at a flow distance x from the catchment outlet, where L is the main channel length. Distances were measured along the flow paths. Discretization along the maximum flow length in 1024 segments was carried out. Langbein (1947) underscored the influence of the distribution of area with respect to distance from the catchment outlet on the concentration of runoff from catchments of equal size. Under the assumption of constant flow velocity, the width function x-axis may be transformed into a time axis. In this case it is equivalent to the time-area diagram. The importance of the timing of tributary contributions to flood flows in a region with reasonably homogeneous climatic conditions was demonstrated by Baldwin & Potter (1987) . In addition, in single large basins, the relative unimportance of hillslope travel time, and wave attenuation in the channel network suggests that their instantaneous unit hydrographs would look like their width functions, even to the point of having multiple peaks (Kirkby, 1976; Gupta & Mesa, 1988) . Gupta & Mesa (1988) raised the problem of quantifying the temporal variability of the width function. These concerns are in line with statements by Jarvis & Woldenberg (1984) that every precipitation event activates part of the existing channel network, and that the entire network of river valleys includes elements that are, presumably, activated only by very rare, high magnitude events. However, the prediction of the parts of the channel network that are activated by every precipitation event is still a challenging task. Since this investigation deals with the analysis of flood peaks, which are high magnitude events, it is assumed that these activate the entire network of river valleys.
The scaling structure of the width function
The multifractal formalism was introduced to characterize the scaling behaviour of the distribution of measures (e.g. energy, mass) over a geometric support (e.g. Frisch & Parisi, 1985; Halsey et al, 1986) . In the context of the channel network width function, the multifractal formalism is concerned with the distribution of catchment area along a geometric support-the length of the network. The first suggestion of the multifractal character of the width function was made by Marani et al (1991) , based on analyses carried out on an idealized channel network (the Peano basin).
Multifractal measures may be characterized by the scaling of their moments or through the multifractal spectrum. The assertions of Marani et al (1991) regarding the multifractality of the width function led to attempts to characterize the structure of the width function of real channel networks in terms of the multifractal spectrum (e.g. Rodriguez-Iturbe et al, 1992; Marani et al., 1994) . To this effect, use was made of the method of multifractal spectrum estimation proposed by Chhabra & Jensen (1989) ; which, according to its proponents, circumvents most of the pitfalls of other methods (e.g. Meneveau & Sreenivasan, 1989) . It has so far been observed that, regardless of catchment size, form, geology and exposed lithology, the form of the multifractal spectra of real catchments is essentially the same. However, Veneziano et al. (1995) argue that methods of multifractal spectrum generation, based on scaling properties of moments, tend to produce envelopes of the actual spectrum that look like the spectrum of legitimate multifractal measures. They argue that the application of such procedures to the width function of channel networks has led to erroneous conclusions. Owing to the controversial stand taken by Veneziano et al (1995) , and the perception that the multifractal spectrum is conditioned by the construction technique used, other forms of scale invariance characterization are pursued. This issue is examined herein by attempting to identify descriptors of the scaling structure of the width function.
STUDY AREA
The study area is the State of Victoria, located in southeastern Australia between latitudes 33° and 39°S and longitudes 141° and 150°E. The rich variety of landscapes and micro-climatic environments of Victoria make it an ideal study area for the present investigation. Victoria is effectively bisected by the Great Dividing Range; its rivers flow into the two major drainage divisions formed by this mountain range: (a) the Murray-Darling Division which flows into South Australia; and (b) the South Eastern Division which drains toward the sea. This study was carried out on 16 catchments, 14 located in the South Eastern Division. Care was taken to ensure that a wide range of catchment sizes was selected, and that a number of the catchments were located far apart from each other and others in close geographic proximity. The availability of annual flood series at the study sites was also an influential factor in the selection of catchments. The catchment geomorphological attributes were directly derived from digital elevation models (DEM), generated from digitized elevation contours, spaced at intervals of 10-20 m. This approach is supported by a geographic information system (GIS).
METHODOLOGY

Spectral analysis
Scale invariance can be tested by computing E(k), the power spectrum of the field data set q>(x), 0 < x < L. The analysis is carried out in Fourier space. For a scaling process, the following power law behaviour is obtained over a range of wave numbers k:
where P is known as the spectral exponent. According to Mandelbrot (1982) , and Schertzer & Lovejoy (1987) , it contains information about the degree of stationarity of the field. These arguments have been supported by Davis et al. (1994) and , who suggested the following criteria which are of general applicability: -if p < 1, the process is stationary; -if P > 1, the process is nonstationary; -if 1 < P < 3, the process is nonstationary with stationary increments. It is important to identify these types of behaviour, since stationary and nonstationary processes require different statistical treatments. Spectral noise is commonly encountered in a spectral analysis computation. The possibility exists to implement noise-reducing techniques (segmentation, octave binning and a combination of both techniques). In this study, the segmentation technique (e.g. Press et al, 1992) was implemented. All three techniques have their limitations. Besides, numerical discrepancies between these techniques do exist (e.g. Davis et ai, 1996a; Menabde, 1998) .
Structure function analysis
Let (p(x), 0 < x < L, be a scale invariant one dimensional field. If cp(x) is nonstationary with stationary increments, cp(x) can be characterized at different scale r by a statistical relationship of the form (Davis et ai, 1994 (Davis et ai, , 1996b :
where < ) denotes the ensemble average, r denotes the scale, q is the order of the statistical moment, L,(q) is the spectrum of scaling exponents, and
The left-hand side of equation (2) is usually referred to as the generalized structure function, similar to the structure function in Kolmogorov's (1941) study of turbulence. Kolmogorov's structure function and the structure function of the absolute increments are often used as interchangeable functions. The identity between both forms has been shown by Nikora & Goring (1999) . They argue that small differences between scaling exponents obtained from Kolmogorov's and the generalized structure function are most probably due to statistical variability. A hierarchy of exponents H q associated with the qt\\ order moments has been defined such that :
, or equivalently Ho, is linked to the power spectrum since according to the Wiener-Khinchine theorem (Monin & Yaglom, 1975) : l<P = Ç(2) + l = 2// 2 + l<3 (4) Davis et al. (1996a) compared the use of the second-order structure function and power spectra in the detection of scaling regimes. They pointed out that the secondorder structure function is more sensitive to scale breaks.
Types of scaling behaviour
If the scaling exponent C,(q) = qt > (\) = qH\ qH, or equivalently if H q = H, the statistical behaviour is referred to as self-affine (simple or monoscaling), where a single exponent describes the scaling behaviour. A typical example is Brownian motion (H = 1/2). If Z,(q) is nonlinear in q (i.e. t,(q) = qH q ), the behaviour is defined as multiaffine (Viscek & Barabasi, 1991; Benzi et al, 1993) . A third alternative is given by t,{q) = qH for q<\IH and Ç(g) =1 for q > M H (quasimultiaffine behaviour). The bounded cascade models (as opposed to the unboundedstationary cascade models, described below) postulated by Marshak et al (1994) and Menabde (1998) capture this type of scaling behaviour. In order to distinguish these models from simple scaling models (in the sense of structure function) with the same value of//, moments of order higher than 1/ZZneed to be considered.
Scaling invariance analysis of stationary measures (singularity analysis)
Following Schertzer & Lovejoy (1987) , the power law relationships for the qt\\ order moments of measures may be written as:
where (ex 1 ) is the ensemble average of qth order moments of the field considered at scale X. Here, X is the scale ratio, defined as the ratio of the outer or maximum scale of the field to the averaging scale. A linkage between K(q), %(q) and D(q) has been shown to exist for a D-dimensional measure (e.g. Davis et al, 1996b ):
is a moment exponent function and D(q) is known as a generalized dimension (cf. Grassberger, 1983; Hentschel & Procaccia, 1983) . In the case of stationary measures the spectral exponent p can be determined from: (3 = 1 -K(2) < 1. A hierarchy of exponents C(q) has also been defined (e.g. Davis et al, 1996b) :
Further D(q) = 1 -C(q). Attention is usually focused on C\ =C(\) since it reflects the degree of inhomogeneity of the measure. Nonlinear behaviour in K(q), and hence a non-constant D{q) is equivalent to multifractality. Alternatively if D(q) is constant, K(q) and %(q) are proportional to q -1, and the behaviour is monofractal.
From nonstationary fields to stationary measures Following an approach adopted in the analysis of fully developed turbulence, attempts have been carried out to model natural signals or fields using cascade type statistical theories. However, an overwhelming number of natural signals exhibit nonstationary behaviour (e.g. . Hence, they cannot be modelled by standard cascade models which require conditions of nonnegativity and stationarity in the measure of interest. In practical data analysis, the cited constraints can be overcome by generating a nonnegative stationary measure from the nonstationary field.
Universal cascade models
The statistical properties of any multiplicative cascade model are determined by the choice of their generators. Universal cascade models (Schertzer & Lovejoy, 1987) and their generators (Levy probability distributions, illustrated in Fig. 2) 
where a is the multifractality parameter taking values 0 < a < 2, and quantifying the deviation from multifractality, also known as the Levy index of the generator of the process. The two extremes, a = 0 and a = 2, correspond to the monofractal beta model and the lognormal multifractal model, respectively. Lovejoy & Schertzer (1990) argue that the terms lognormal and log Levy are not fully correct; so it would be better to say multifractals with Gaussian or Levy generators. The co-dimension of the mean of the field is denoted as C\. In the case of universal multifractals, only two parameters are necessary to specify the entire process. These models are called conserved cascade models and the pre-requisite is that H = 0. In the case of nonstationary fields transformed into stationary measures by the means described above, the analytical three-parameter expressions are given by (e.g. Tessier et al, 1993) :
These models are known as nonconserved cascade models since H^O. The estimation of H is done through the structure function or the scaling of the power spectrum. Lavallée et al. (1991 Lavallée et al. ( , 1993 suggest the use of the double trace moment (DTM) method, through which an accurate estimation of a and C\ can be obtained. The procedure requires the transformation of the original field £ into a field 8 11 . Further (e?i TW ) and K(q,r\) are calculated:
RESULTS
Spectral analysis
Power spectra for the 16 width functions with 2 10 = 1024 data points were generated using algorithms embedded in Matlab®. The corresponding spectral exponents were determined by fitting regression model to the linear function in the logs (Fig. 3) . The accuracy of the straight-line approximation was quantified through R~. The spectral exponents for the study cases ( 
Structure function analysis
In order to investigate the characterization of the width function W(x) over a range of scales r through equation (2), the following operations were carried out for each of the study catchments: 1. Computation of next neighbour differences of the following form was established:
Coarse graining or degrading of the resolution of the field, was carried out by averaging the increments over intervals of size r, which are factors of 2. As a result, series of ever coarser and shorter fields of the form AW(rjc), 2/ < r < L, or in pixels 2<rll< 1024, were obtained. 3. The scaling behaviour of the global averages ( | AW{r,x) | q ) with respect to r was determined (where <•) signifies that averages are carried out over the length of the fields) through the generation of log-log plots of ( | AW{r,x) \ q ) against r for q = 1 to 4, whereby / < r < L; or in pixels 1 < rll < L/l. 4. Visual identification of scaling ranges was carried out. Within a scaling range log( I AW(r,x) I q ) should be (nearly) linear in logr and the range should be the same for all values of q. (Fig. 4) . 5. Estimates of the scaling exponent L,(q) were obtained through least squares regression. There were numerical disagreements between the P values obtained from spectral analysis and those obtained from equation (2) ( Table 1 ). The disagreement amongst exponents was marked in cases where low values of R 2 (R 2 < 0.6) were obtained from the spectral analysis. Smaller deviations from the values, predicted through the structure function, may have resulted if octave binning or an alternative form of exponent estimation had been implemented. However, bearing in mind the procedural weakness in spectral computation techniques, and given the goodness of the scaling observed in log-log plots of the global averages ( | AWir^x) | q ) against the scale r, more credence is given to the numerical results obtained through the structure function. Hence, it is concluded that for the 16 study catchments 1.87 < (3 < 2.18. The fact that both set of values lie within the same range of the spectral criterion 1 < P < 3 is reassuring. Power spectra of width functions for real networks were generated by Marani et al. (1994) . The values of (3 ranged between 1.7 and 1.9, i.e. similar to those obtained in this study. Owing to the consistency of values of p in their study, Marani et al. (1994) suggested the existence of a common mechanism regulating the organization of natural drainage networks. However, the possibility of spectral ambiguity should not be overlooked. Different types of processes may share the same spectrum E(k) (e.g. Davis et al., 1996a) . Further analyses are pursued herein. 6. The behaviour of C,(q) with respect to q was investigated through a plot of t, (q) against q. In all the plots of £,(q) against q, a concave curve was observed (Fig. 5) . Close examination reveals an almost mono-affme behaviour up to q < 1.5. Then, a stronger departure from mono-affme behaviour sets in, with C,(q) * 1. On this basis, the scaling behaviour of the width function cannot be classified as quasiaffine. A mono-affme model (e.g. fractional Brownian motion) could provide a good fit for moments of very low order (q < 2). However, as the order increases, the performance of the model will degrade. It is concluded here that the scaling character of the width function for the study catchments is multiaffme or multiscaling in the sense of the structure function, and not multifractal as suggested in the literature.
Scaling invariance analysis of stationary measures
It must be emphasized that stationary multifractal analysis cannot be carried out on raw data fields with 1 < p < 3. Prior to such analyses, it is necessary to power law filter the data, or to analyse the data after taking absolute values of the small-scale gradients. The transformation of the width function into a nonnegative, stationary measure was carried out using the latter procedure. Lavallée et al. (1993) claim that the details of the procedure ultimately have no influence on the final results. The characterization of the width function through parameters of a nonconserved universal cascade model was also pursued. The procedure and results obtained are described below. 1. Computation of absolute next neighbour differences of the following form was established:
and this was subsequently normalized by < | AW{r,x) | ). As a result, a nonnegative, \AW(r,x\ stationary measure e(r,x) = -r -r was obtained with H= 0 and (3 < 0. {\AW(r,x)\) 2. Coarse graining of the resolution of the measure was carried out. 3. The scaling behaviour of {z(r,x) q ) with respect to X, X = L/r> 1 was determined.
This implies the generation of log-log plots of <e(r,x) 9 ) against X. This was carried out for q = 2 to 4. 4. Visual identification of scaling ranges was made. There appeared to be breaks in scale, as it was not possible to fit a straight line through the entire range of scales. The (£(r,x) 9 ) values associated with the larger scale values were not considered due to the low accuracy associated with small sample sizes. A regression line was fitted to the range of pixel sizes 16, 32, 64, 128 in all study cases. This range, which roughly coincides with the central portion of the width function, is of hydrological interest (e.g. Veneziano et al, 1995) . The K(q) values are equal to the slope of the lines. The behaviour of K{q) for the conserved cascade (H= 0) with respect to q was further investigated through a plot of K{q) against q (Fig. 6) . Nonlinearity (convexity) of K(q) was observed. 5. The computation of a and C\ through the DTM technique was allowed to capture, in a quantitative manner, differences or similarities between the study catchments. For a range of T| values, K(q,r\) moments were estimated. In an attempt to ensure unbiased estimations of the moments, the choice of q = 1.5 was made. The value of a corresponds to the value of the slope of a straight line fitted through the straight part of the log-log plot of |A!(<7,r|)| against r\. The value of G was calculated from equation (8) using the relationship K(q) = K(q,l) . The values are summarized in Table 2 . A good fit between the empirical and the predicted K{q) was observed for the conserved cascade model. The very low values of G indicate that G may well be residual. This could well support the suggestion of Veneziano et al. (1995) that the stationary increments of the width function exhibit monofractality (i.e. G = 0 and a = 0). However, since a is a measure of multifractality, and the a values of the study catchments are large (1.45 < a < 2), it is suggested here that the scaling structure of the nonnegative, stationary measure is best captured by a universal cascade model with low values of G. In scaling studies carried out by Tessier et al. (1993) , an incidence of low values of G (0.07), together with large values of a, occurred. They argued that the low values of G explained the earlier success of monofractal analysis since, near the mean, the parameter //provides a reasonable approximation to the scaling. However, it was also reasoned that, due to the 0.16-, 0.14-0.12-0. large values of a (far from the monofractal value of zero), as one moves away from the mean value the monofractal approximation rapidly becomes poorer. Hence, it is concluded that the width function can be characterized in terms of parameters of a nonconserved universal cascade model (H, a and G) . This represents a new way to capture the scaling structure of the width function.
IMPLICATIONS OF THE SCALING STRUCTURE OF THE WIDTH FUNCTION FOR FLOOD FREQUENCY ANALYSIS
In the development of a similarity criterion, it is of interest to seek a simple and meaningful way of characterizing the scaling behaviour of the width function. The multiaffine behaviour implies that the width function requires for its complete characterization an infinite number of scaling exponents. Owing to the parsimonious nature of the nonconserved universal cascade model, the characterization of the width function is best done through the parameters of this model. Attention is focused on the a parameter, characterizing the class of probability distribution of the cascade generators (Fig. 2) . The question then arises, whether the generators of the cascade structure of the width functions of the study catchments and the associated flood peaks belong to the same class of Levy probability distributions. However, the determination of the Levy index a for the flood peaks based on the DTM technique poses problems due to the length of the available annual flood records. On the other hand, the need exists for reliable statistical techniques for the direct determination of parameters of Levy distributions. Given the statistical intractability of the Levy distributions, the approach adopted here is to carry out an exploratory analysis whereby inferences are based on the goodness of fit of the lognormal probability distribution to the at-site flood peaks. The largest events in an annual flood series may contain errors which cannot be corrected. In fact, the determination of error free peak discharge rates is seldom possible. The effect is significant on extreme quantile estimation (e.g. Jarrett, 1987) . Filliben's (1975) probability plot correlation coefficient test for normality was used to assess the goodness of fit of the data (e.g. Fig. 7) . The findings, presented in Table 2 , are: 1. The a values for the width functions for seven out of the 16 study cases range between 1.96 and 2. For these cases, the probability distributions of the generators of the cascade structure of the width functions are lognormal, giving good fits to flood peak data for six catchments with drainage area A > 200 km 2 to the east of Melbourne and the Great Dividing Range (p(r) » 0.05). These catchments have high a values (1.96 < a < 2), suggesting an association between the scaling structure of the channel network width function and flood peaks. 2. The lognormal distribution gives good fits to flood peak data for three catchments (60 < A < 180 km 2 ) to the east of Melbourne and the Great Dividing Range, but the a values for the width functions are low (1.6-1.8). This suggests that the strength of the association may be scale dependent. In fact, this lack of association may well be attributed to the nonlinear nature of the hydrological response of small catchments. The results for the Latrobe catchment near Noojee (62 knr, located within Latrobe at Willow Grove) further suggest that the degree of association can change within a given basin. 3. In the case of Loch at Noojee, located east of Melbourne and the Great Dividing Range, p(r) = 0.031. This suggests marginal support for a departure from lognormality (e.g. Filliben, 1975, Table 2 ). 4. The lognormal distribution gives poor fits to flood peak data from four catchments west of Melbourne (150<J<330 km 2 , p{r) < 0.05), where a values range between 1.41 and 1.91. It is apparent that the scaling structures for the channel network width functions and the flood peaks show departures from lognormality. 5. The results for the Goulburn River suggest an association between the scaling structure of the width functions and flood peaks.
SUMMARY
The analysis of the flood behaviour of the study catchments using quantile-quantile plots indicates that, in most cases, the geographical location of the catchments is the dominant factor in flood behaviour. For instance, flood peak datasets for all catchments east of Melbourne with drainage area >200 km" exhibit lognormal distributions (except the Goulburn catchment at U/Snake Creek). Catchments west of Melbourne exhibit departure from lognormality. However, a similarity criterion based on geographical proximity is not very useful, unless the issue of regional boundaries is addressed. It is important to note that, in the case of catchments with drainage size >200 km", the Levy indices of the width functions reflect in a similar manner the geographical location of the catchments (catchments east of Melbourne, except the Goulburn at U/Snake Creek have Gaussian generators, whereas those west have non-Gaussian generators). Hence, the Levy indices of the width functions may well be useful in establishing regional boundaries and a link may exist between probability distribution of at-site flood peaks and the associated probability distribution of the generators of the cascade structure of the width functions. This association appears to be scale dependent.
CONCLUSIONS
A number of conclusions can be drawn from this study, which are listed in order of logical development:
1. The scaling structure of the width function is multiaffine or multiscaling in the sense of structure function. Hence, the width function is not multifractal but rather a nonconserved multifractal. 2. A multiaffine behaviour requires for its complete characterization an infinite number of scaling exponents. In the development of a similarity criterion, it is of interest to seek a simple and meaningful way of characterizing the scaling behaviour of the width function. Owing to the parsimonious nature of the nonconserved universal cascade model, the characterization of the width function is best done through the parameters of this model. 3. In the case of catchments with drainage area >200 km", there appears to be a link between the probability distribution of the generators of the cascade structure of width functions (characterized by the Levy index, a) and associated flood behaviour. 4. The Levy index a of the generators of the cascade structure of the width function has emerged as a potential candidate in the development of a hydrological similarity criterion. However, to completely assess its usefulness, the estimation of a values in the case of at-site peak flows must be attempted. To this effect, progress needs to be made in the statistical arena towards the reliable estimation of the parameters of the Levy distributions.
